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Abstract
This paper aims at developing the idea that designers can be benefited by experiments
when testing products, services and concepts, through a literature review and the use of
research examples from the authors’ academic and market experience. It discusses, apart
from the method itself, (a) ecological validity and the use of experiments in naturalistic
environments and (b) when laboratorial experiments are good enough to solve design
problems. Both perspectives – naturalistic and laboratorial – are presented and discussed
in the paper. It is suggested that the first choice regarding the experimental setting in
design experiments is the artificial scenario (as opposed to naturalistic environments), due
to its potential to keep the study’s internal validity high. Only when artificial settings
threaten the study’s external validity a naturalistic experiment becomes a better choice.
High external validity might not be worth paying the price of low internal validity.
Different from other sciences, the design field requires from researchers flexibility when
planning experiments, since the usual choices might not be always the best ones to be
made.
Keywords: experimental research, experiments, design research, ecological validity
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Introduction: Understanding experimentation
Experimental research, when applied to the design field, can be easily misunderstood. In
this paper we briefly review some basic concepts (independent and dependent variables,
as well as control and experimental group) to better understand how to plan experiments,
aiming at understanding the two main topics in this paper: “The ‘problem’ of ecological
validity and the use of experiments in naturalistic environments” and “when laboratorial
experiments are good enough?”.
Experiments on the design field usually manipulate one or more variables, defined as
independent variables, in order to check their effect over other variables, called
dependent variables. Common independent variables are related to a product
characteristics, such as package, color and texture, whilst the dependent ones are those
which we measure to check the impact from our manipulation, such as user´s emotion,
behavior or perception; sales volume, etc (Christensen, 1989). An example, which is
related to both design and market research, can be the experimental manipulation of the
color of a sweetener lid to check if cold versus warm colors can cause different sales
1
results .
It is important to highlight that independent variables can be manipulated between or
within groups (Schweigert, 1994). The change made in the color of a sweetener lid is an
example of between groups manipulation, since each level of the independent variable
(color, in this case) must be presented to different groups of people to evaluate in a
neutral way the effect of the color change. This kind of manipulation avoids conscious
comparisons and the effect, e.g., of the suggestion that one lid color is better than the
other one.
Another example would be to test if a change in a shoe’s material would produce better
levels of perception of comfort. If the researcher asks people to compare products, they
might tend to appraise the distinct materials in different ways, not because they really
would be evaluated differently in a more natural situation, but because the researcher
asked participants to compare them. A biased result could lead the company to invest
large amounts of resources to change materials without a real reason. If this experiment
focused on the preference of colors of leather shoes, it would be better if the independent
variable was manipulated within groups, which means that the same group of people,
instead of an evaluation about one product, would compare more than one (or choose
among them).
When the researcher has defined (or is in the process of defining) which variables will be
manipulated (independent variables) to measure their effects over other variables which
will be measured (dependent variables), it is usual to realize that some variables can
threaten the results’ quality, if not measured or controlled (e.g., those which can change
the relationship between the independent and the dependent variable 2), such as sex,
age, or previous habits (Schweigert, 1994). E.g., back to the sweetener lid experiment,
the preference for warm or cold colors can be related to user´s previous habits, such as
buying a specific sweetener brand that has a red lid. This habit could lead the consumer
to an automatic response, which would be picking the sweetener with the warm colored
packaging as an automatic behavior.

1

Please note that the example is simplistic on purpose and it aims at discussing the method; it is not intended to
demonstrate a complex or relevant design theme; those examples will be provided later on the text.
2
Please consider checking the meaning of “moderator, intervening and control variables” to better understand
these issues.
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To plan the mentioned experiment, the researcher should think beforehand which
variables are involved in the evaluated phenomena, and plan the study afterwards. In this
case, one choice could be to test the packages among people who do not have the habit
of using or buying the same sweetener brand. Another example would be asking
participants about their habits regarding using and buying sweeteners and treat these
data as results and use them in the analysis.
Experimental research is related to the investigation of causality relations (Collins,
Joseph, & Bielaczyc, 2004), which means, in the mentioned example, that he/she
assumes that the cause of preference of buying behavior can be the package color. To
test this causality relation, we need at least two groups to compare results 3, tested under
the same conditions (instructions and/or environment): one is defined as control group (in
which we do not manipulate the independent variable) and the other is usually called
experimental group (in which we manipulate the independent variable). It is important to
highlight that the experiment can have as many experimental groups as needed, and
manipulate as many independent variables as necessary, all in the same experiment.
Imagine that the sweetener lid is blue and we want to test, based on other products’ sales
results, if an orange, or maybe a red lid, can cause better sales results. Choosing a
supermarket as a “laboratory”, we could set three days during the week when the
sweetener has similar sales results and test the product under the three conditions (blue,
orange and red), registering the sales volume after the manipulation to compare the
differences before and after the lid changes.
As it can be noticed, sometimes it is important to measure the dependent variable (in this
case, sales) before and after the manipulation (Christensen, 1989) to evaluate a potential
change. Another example, thinking about a complementary experiment focusing on
shopping experience, would be to investigate the changes in user´s emotional experience
(dependent variable) when shopping in a silent versus a noisy retail store (independent
variable). In this case, since we intend to measure the change in people’s emotional
experience, we would need to register their emotions (using a questionnaire, e.g.) before
and after the shopping experience.
On the other hand, the tradition in experimental sciences is not to develop experiments
always in naturalistic environments. It is usual to do them in laboratories, since it is easier
to control unwanted interferences that could threaten the results’ validity (internal validity),
such as other consumers giving advices to the research participants about which
sweetener to buy, weather and temperature, etc. The artificial environment usually found
in experimental settings is frequently criticized, based on in the idea that the research
results would not reflect the reality out of the laboratories (ecological validity)
(Christensen, 1989).
Cash (2011) suggested that the most typical problems in design experiments are (a) the
context: problems related to context are usually related to the lack of an adequate
definition or recordation of a context, leading to difficulties in understanding, e.g., the
background of subjects when solving a task; (b) system understanding: some underlying
variables involved in a system in test are commonly missed from the studies’ control
techniques, which leads the results to a lack of reliability; (c) method implementation: “the
inadequate definition of methods and terms, the lack of standardization and the lack of
consistency in experimental planning, recording and reporting especially with regard
control and normalization techniques” (2011:23); and control and normalization: the lack
of placebos and no-treatment control teams, meaning the lack of control groups, leads to
3
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A single group can be enough to compare an independent variable’s effect over a dependent variable, e.g.,
when the variable is manipulated within groups.
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the impossibility to give baselines to state the effect of the manipulation of an
experimental variable over a measured dependent variable in experimental groups.
How to design experiments that can effectively measure causality relations, avoiding the
mentioned problems by Cash (2011), and keeping the results reliable when it comes to
the need of understanding the reality out of controlled experimental situations? That is the
question you will find answered in the following sections, based on examples.

The “problem” of ecological validity and the use of
experiments in naturalistic environments
The results of experiments can be almost useless to understand real world situations, if
the experimental setting is so artificial that does not reflect what happens in real life.
When this problem happens, one can say that the experiment has a problem which is
related to ecological validity (Schweigert, 1994).
Ecological validity has been defined in different terms, but it “often refers to the relation
between real-world phenomena and the investigation of these phenomena in
experimental contexts” (Schmuckler, 2001:420). By raising a question in the title of a
paper entitled Of course I wouldn´t do that in real life, Lew, Nguyen, Messing, and
Westwood (2011) suggest that researchers are commonly concerned with internal
4
validity , but not with ecological validity, since most prototypes (referring to humancomputer interaction experiments) are not fully functional. Thus, by increasing realism,
5
construct validity is also increased, since user responses are closer to what they are in
real world situations.
There are at least three dimensions involved in ecological validity (Schmuckler, 2001):


The nature of the research setting: the use of artificial settings has been
discussed among the scientific community, suggesting that researchers should
pay more attention to the nature of the investigation itself, shifting their work from
people to the situations/circumstances in which the evaluated phenomena occur,
even replacing usual sampling participants with a sample representative of
situations or tasks if needed. Some changes might be required in the way
researchers usually think about experiments to keep the integrity, social and
cultural characteristics of real-life situations in experimental settings.



The nature of the stimuli used in experiments: the use of “abstract, discontinuous,
and only marginally real” stimuli that differs critically from the ones found in real
world situations should be better avoided (Schmuckler, 2001:422). By not
representing real life, the possibility of application of research results might be
low, due to low ecological validity.



The nature of the task, behavior or response asked for the research participant:
the potential problem regarding ecological validity is also related to artificiality. If
the response required from users is not natural, representative or appropriate to
represent the actual behavior, then the researcher might be facing a problem of
ecological validity.

For example, if food designers want to know if a manipulation of a plate pattern can
modify people´s perception over a dish, they might think about using pictures in their
experiments as stimuli, instead of real dishes. It would be easy, using digital images, to
4

5

It refers to how well planned the experiment is, offering reasonably certainty that the effect found in a
dependent variable was actually caused by the experimental manipulation.
It refers to the measurement scale correlation with the theoretical/scientific construct.
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change plates and keep the exact dish appearance, which means that you would be
successful manipulating only the plate, refraining from changing anything in the dish
appearance. The internal validity of the study might be high (which means that the
experimental procedure itself has no problems and the independent variables are
adequately manipulated), but are its results useful in the real world?
The obvious problem in the mentioned example is that people do not eat digital images.
Their perceptions might not change, since the experimental situation is too artificial and
far from the real experience. We can think that their responses would be different if they
were hungry, waiting in a restaurant and paying for the meal.
The difficulty to manipulate some real life conditions can even lower the researcher´s
willingness to develop experimental research. That is not always the case, since some
experiments can be easily adapted to better reflect real everyday life situations,
increasing their ecological validity.
A good example of a naturalistic experiment was developed in a real office environment
by one of the authors. Aiming at evaluating the effect of a new kind of foam over the
comfort of an office chair, the researcher used four offices where people are required to
be sitting most part of the day. The experiment conditions and results can be found as
follows:


In the first two offices, workers were provided with the normal chair (control
group) and it was used during one week. In the end of this week, they answered
a questionnaire about their perception of comfort. The following week they were
provided with the new one, and in the end of five working days they answered the
same research instrument.



In the other two offices, workers had the new chair first and the normal one
afterwards (the opposite if you compare to the first two offices). This procedure
was done by the experimentalist, aiming at controlling the effect of the suggestion
that the two chairs in test could be different, even though they look the same.



The results were compared and showed no difference in the worker´s perception
of comfort. The new product was not launched.

These examples suggest that, instead of questioning the real value of experimental
methods in design research, the concern with the artificiality of experimental settings
should be inspiring to researchers. This concern should raise some questions regarding
the importance of having more adequate and meaningful stimuli and tasks to better
represent real design issues in empirical contexts (Schmuckler, 2001). On the other
hand, it is usually more demanding to plan experiments in naturalistic settings.
Sometimes laboratorial studies can be good enough to understand real world situations.

When laboratorial experiments are good enough?
Reasons to develop experiments in laboratories are that (a) sometimes it can be hard to
control the interference of external variables in real world situations (Christensen, 1989),
even though the test of the product is crucial to evaluate the project and (b) it is usual that
the problem is simple to be solved and focused on the user´s experience, relatively
independent from external variables that make the experience more complex. Let´s
examine each one of these reasons.
Some real world experiments (item “a”) would need to be planned in very complex
environments. To test users´ responses to geranium scent in department stores as part of
a strategic design project, e.g., the research results would probably lose their explanatory
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power if the experimental setting was not controlled, as the internal validity of the
experiment would be low.
In order to solve the problem and properly test the idea, one of the paper´s authors, along
with a fellow researcher, developed, in an artificial environment, an experiment, using
judgement and memory tasks about three given brands known by the research
participants. Under two experimental conditions (with and without geranium scent),
participants were tested. The presence of the mentioned scent increased consumers´
judgements of quality for known brands and lowered the recognition level for information
given during the task, suggesting that the use of geranium scent in the tested amount can
increase peoples´ judgement about brands, but it can also be harmful to the amount of
details they can recall from the experience.
According to Lew et al. (2011), increasing realism might cause the reduction of
experimental validity by losing some control over the experimental situation. In the
mentioned example, a real store environment would expose people to a variety of stimuli
that could affect their memories and judgements, such as noise, other customers
interacting, etc. Even though a more naturalistic experiment could have a higher level of
ecological validity, its internal validity would be weak, making it more interesting to run the
study in an artificial setting.
Simple problems (item “b”) can be tested almost without losing explanatory power in
artificial environments. This kind of situation happens under conditions that are not
directly related to external interference.
A research aiming at evaluating the effect of pro-environmental messages framing over
the user’s preference when observing packages (Tonetto, 2010) can be used as
example. The same products were presented to two groups of consumers, in a
laboratorial environment, and people were asked about (a) how attractive the product
was, (b) their willingness to pay for them and (c) their preference for these products
(dependent variables), compared to the standard models on the market. One group of
consumers was exposed to the information framed in gains (e.g., a fridge that saves 25%
less energy, compared to the average product on the market) and the other one, framed
in losses (e.g., a fridge that spends 75% of the energy spent by the average fridge on the
market). Even though the meaning of the information is the same, participants responded
in different ways. It was detected that the gain frame produced superior agreement
means for affirmations regarding two of the dependent variables evaluated
(attractiveness and preference).
Thus, sometimes artificiality is desirable. Issuing questionnaires in artificial environments
is a lot simpler than real world tasks, and measuring the actual behavior and responses
requires finer measurement techniques. It is important to highlight that is risky to increase
realism in experimental conditions. It introduces disruptive stimuli into the experimental
situation, lowering the control the experimentalist has over the measured variables (Lew
et al., 2011).
Kvavilashvili and Ellis (2004), reviewing almost 20 years of discussions regarding the
controversial battle between ecological and traditional approaches (focused on memory
studies), suggest that representativeness (the extent to which a study can be developed
correspondently to the occurrence of a phenomenon in everyday life) and generalizability
(explanatory potential regarding life situations) are the main concerns in the area. The
authors also point at the fact that generalizability may play a more important role.
As the reader can notice, the artificiality is related to representativeness, whilst the
potential applications of the research results are related to generalizability. That is the
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reason why sometimes artificial experiments are good enough to be applied in real world
situations.

Conclusions
The misunderstandings related to experimentation in the design field can be due to the
fact that some designers might understand that experimentalists will plan studies that
produce necessarily artificial or non-applicable results. We state that (a) experiments can
be well planned in more naturalistic environments, showing high levels of ecological
validity, and (b) sometimes laboratorial experiments can be good enough to answer
research problems. By understanding real examples, the reader can understand why
experimental research can play an important role in design research, even though
sometimes we need to adapt the “pure” experimental approaches to better respond to
6
design research problems .
Experiments can be planned in naturalistic environments (a), but they require attention
from the experimentalist when designing the study. The researcher must investigate all
variables that might be worth evaluating and measuring, and also check if the
experimental setting does not threatens the validity of the results. The use of a
naturalistic approach is not justified if the experiment’s internal validity is low.
The experiment described as follows is focused on light design, and investigates the
effect of LED lighting manipulation in fashion stores (independent variable) over people’s
responses in the emotional category defined as desire (dependent variable). As a start,
in-depth interviews are needed to understand how people appraise lighted environments
that cause, in their perception, the emotional outcome desire. Digital image, in this case,
is being employed to help providing stimuli to people during the interviews.
From these inputs, a set of lighted environments is designed in real retail spaces, where
people are invited to have a shopping experience, without actually buying any products.
This way, all participants have the exact same experience with the space, trying to control
all possible confusion variables/events. In the end of the visit to the real store, they are
asked to fill in an experience survey. The analysis provides a comparison among the
different lighted environments in test, helping light designers to understand how to evoke
desire by using light.
On the other hand, sometimes experiments developed in artificial environments are good
enough (b). More than just “good enough”, it is desirable to have them executed in
laboratories, since the internal validity is usually higher than in other settings and that the
independent (or experimental) variables are easier to control.
The experiment used here as example is focused on user experience. It is a graduate
research project that is aimed at understanding the effect of the size of the choice set
(package colors and sizes – independent variables) over the quality of the experience of
buying health and care products (dependent variable).
The data collection is developed in a virtual environment, where users find a set of
choices to be made, rather than using a real retail space. The artificial environment
promised to be more successful, since it provides the right setting, without distractors,
such as other products, consumers, and brands.

6

To make the point clearer, two experiments in development in our graduate design program are presented,
focused on describing the experimental manipulation, rather than the measurement techniques employed to
evaluate the dependent variables.
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Even being artificial, it is naturalistic in terms of the size of the choice set. The average
size of the choice set was investigated. From this number, two experimental groups were
planned: one of them presenting 50% of the average choice set of each product
evaluated, and the other one with 150%, leading to three groups (a control group with the
average choice set size and the two described experimental groups). These results help
professionals when designing health and care collections and mixes of products.
Although this paper can be understood more as an argumentative essay than a researchorientated study, we believe that it provides enough information for the authors to state
that the first choice when planning design experiments is still the artificial setting, due to
its higher potential to keep the study’s internal validity high. If the artificial setting
threatens the study’s external validity, then a naturalistic real-world experiment can be
more interesting. High external validity might not be worth having, if the paid price is low
internal validity.
The authors believe that the understanding of the benefits of laboratorial experiments
(developed in artificial environments) can bring into design research more interesting
results in terms of internal validity. On the other hand, it is crucial to understand that
laboratories are not always the best choice. The design field, different from some natural
sciences, requires from researchers flexibility when planning experiments. The usual
choice is not always the best choice to be made. The authors also suggest that the
arguments presented in this paper should inspire a next step of investigation (researchbased), to improve, through the use of design experiments, the validity of the discussed
arguments.
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